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PREFACE

This is the second of a series of reliability data publications at
the system/equipment level. A complementary series of documents is
concerned with system/equipment maintainability data (Electronic
Equipment Maintainability Data (EEMD-1)). Other volumes prepared by the
Reliability  Analysis Center consider reliability of digital
microcircuits, discrete semiconductors (including optoelectronic and
microwave devices), hybrids, linear and interface devices, memory/LSI
devices, and nonelectronic parts.

The data presented in these reliability publications are intended
to complement such documents as MIL-HDBK-217, MIL-STD-883 and MIL-HDBK-
472. EERD-2 is presented as a total replacement to the document EERD-1.
The report reflects an approximate increase of 50 percent in the
quantity of data presented and the equipment IDs have been revised in
this edition, This change in specific equipment references therefore,
precludes the interchange of material between publications.

The user is cautioned, however, that the data contained herein may
not be used in lieu of contractually cited references.

The principal investigator of this publication was William Cesare,
with Susan Stockman providing the analysis.

The authors would like to express sincere appreciation to all those
who contributed their time and effort to the preparation of this
document, with very special thanks to the following individuals:

. e sensicn For
Data Reduction and Summarization - Gregory Chandler . Accensio™ OT.

TNTT 6RAKT
Data Collection - James Carey i 221. 'R 0
Software Support - Richard Wanner and Jill Race | UnﬂHWOB“’ZQ a
Typing - Shawn Gentile Ef.zf -

Editing - Helen Adsit
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INTRODUCTION

This equipment-level reliability compendium provides reliability
data on military electronic equipments at the set, group and unit
levels, Each equipment has been assigned an Equipment Identification
number (EQUIP ID). This EQUIP ID is unique to an equipment, and it is
used consistently throughout the publication, The equipment IDs used in
this report are not the same as those IDs used in EERD-1.

The data provided in this publication is taken from the RAC Systems
Reliability, Availability and Maintainability (Systems RAM) data base.
This is an electronic equipment-level data base which provides
contractual and technical descriptions of numerous equipments. The data
base also provides information on reliability, maintainability and
availability of the equipment at all phases of its life cycle. The
contractual description consists of the goals and criteria imposed upon
the contractor (for example, the appropriate military standard and
revision for reliability predictions and demonstrations is cited). The
technical description consists of the design approaches, technologies,
ma jor parameters and complexity of a particular equipment.

The Systems RAM data base provides a comprehensive data bank to
generate EERD and EEMD data books, to respond to technical inquiries,
and to provide information for special projects and reports. The data
books stand as compendia of data analyzed to provide key attributes
relating to reliability and maintainability. The data permits more
accurate formulation of design and development techniques to improve
operational reliability, maintainability prediction and 1ife cycle cost.

The data from the Systems RAM data base helps to refine, revise and
develop reliability and maintainability prediction, allocation and
demonstration techniques with regard to the environment and equipment
type.




The major goal of the document is to evaluate common reliability
practices and to investigate the relationships between those parameters
designed to assist in the development of reliable equipments. The
results of statistical and graphical analyses are presented in the text
to provide unbiased examination of current reliability indicators. The
objective of the study was to determine the relative effectiveness of
those indicators and to help enhance the capabilities of reliability
forecasting,

The reliability data are obtained essentially from observed field
usage and from contractually deliverable documentation associated with
development and production of military electronic systems and equipment.
Compilations and/or automated data retrieval systems such as the Air
Force Maintenance and Operational Data Access System (MODAS) and the
Navy Maintenance, Material and Management (3-M) data collection system
are sources for this data. The documentation researched included
reliability allocation, assessment and analysis reports, reliability
demonstration test reports, simulated operation test reports, production
verification test reports (for reliability data), operating and
maintenance manuals (T.0.'s), equipment specifications and contract
documents (for technical design and program requirement data). In many
cases, the documentation, or the data within the documentation, was
incomplete and the equipment manufacturer was queried to obtain the
needed information., A continuous concentrated effort was made to fill
in the missing technical data and to obtain more field data for
comparison with requirements, predictions, and test results,

The information contained in this report is an up-to-date listing
of the Reliability Analysis Center's System RAM dedicated data base.
The data contained herein are the sum of reliability prediction,
demonstration testing and field experience which has been collected over
the past 15 years. The field data has been collected predominately in
the time period of 1983 through 1985.

The report is structured as described in the following paragraphs:

0-2




Section 1 - Definition of Terms, lists the definitions of terms
used in the Reljability Data Analysis (Section 2) and in the Equipment
Reliability Data Detailed Listings (Section 3). These definitions are
oriented toward their usage in the report and are based on the
definitions contained in AFR/800-18, IEC 271, MIL-STD-781C, and MIL-STD-
721C, which were utilized to the extent feasible to accomodate all
services,

Section 2 - Data Analysis, describes the analyses, summaries, and
comparisons of the reliability data contained in Section 3 of the
report. Every attempt has been made to present summaries which will be
useful and meaningful to program managers and reliability analysts,
Further detailed and specific information is contained in the Section 2
introduction and the narratives to the tables and graphs.

Section 3 - Equipment Reliability Data, contains detailed listings
of reliability data contained in the Systems RAM automated data base.
Included are specified, allocated and predicted reliability numerics.
Also included are reliability numerics experienced during field
operation, simulated operation, production reliability verification and
demonstration tests. The formats were devised for ease of reading
within the constraints of the data base. Computer codes and cross-
referencing were utilized to present the data in an efficient and
concise manner, The reliability data is organized first by category,
then by equipment types, equipment identification number and data
source. The data are organized in this manner so that the reader may
readily compare all reliability numerics for each equipment. The
reliability data listing is preceded by a usage guide, which explains
each data column and provides the definitions of the coded entries in
the column,




Section 4 - Equipment Characterization Data, contains detailed
listings of equipment characterization data contained in the Systems RAM
automated data base. The data included in this section relates to
equipment design factors which influence reliability and
maintainability. A complete description of the types of data included
is contained in the introduction to Section 4. Entries in this section
are organized by equipment ID number,

Section 5 - Program/Contract Characterization Data, contains
detailed listings of program and contract related data contained in the
Systems RAM automated data base. Included are procurement and contract
_ data, application environment data and program requirements. A complete
description of the types of data included is contained in the
} introduction to Section 5. Entries in this section are organized by
program ID number.

0-4
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DEFINITION OF TERMS

INTRODUCTION

For the convenience of the user, the terms and statistical methods
used within this document are presented in this section. The
definitions provided by AFR/800-18, IEC 271, MIL-STD-781C, and MIL-STD-
721C were reviewed for standard R3M definitions and are utilized to the
extent possible to accommodate all services. It should be noted that
various significant differences exist among several of the definitions
in the above documents. [t is further noted that this report and the
definitions herein were based on the general consensus of terminology.
In areas where a consensus opinion could not be determined, a composite
definition was determined and used.

GENERAL DEFINITIONS

Active Elements: Denotes the total quantity of electron tubes,

discrete semiconductors, and microcircuits (hybrids, digitals,
linear/interface, memory/LSIs and microprocessors) in the
applicable equipment,

Category: Denotes the general functional purpose of the overall
equipment, It is usuaily defined at the set/equipment level. The
categories included in this document are:

Computer

Controls/Displays
Electronic Countermeasures/
Electronic Warfare
Guidance/Navigation

Test Equipment

Radar

Weapons

Communications

1-1




s P

e e

- Wit e = — gt ol o ol s

Data Source: The source of the reliability data., The following

data types are included for the -equipments 1listed in the
publication:

Contract/Spec. Requirements

Allocation

Prediction

Reliability Demonstration

Production Reliability Verification
(PRVT, RET, etc.)

Simulated Operation (CAT I, DOT&E,
IOT&E, SEDS, OTI, etc.)

Field Data

Dependent Variable: The variable (designated by Y) which is
influenced by the independent variable(s) (designated by the Xj).
For this study, the dependent variable was typically a reliability

measure which depends on various independent variables such as
environment, procurement, etc..

Equipment ID: Each equipment in the detailed listing was assigned
a number for easy reference. These numbers are assigned
sequentially as the data is entered into the data base. The number

is unique for an equipment and consistent throughout the
publication.

Equipment Type: Denotes the specific function of the equipment.

It is usually defined at the Group or Unit equipment level., The
equipment types included in this document are:

Power Supply Multiplexer/Demultiplexer
Transmitter Interconnection/Distribution
Receiver Converter, D/A or A/D
Transceiver Filter

Antenna Inertial Reference
Amplifier, Audio Stellar Reference

Amplifier, RF Frequency/Timing Generator
Amplifier, Video Cooling/Pressurizing

1-2
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Computer Test Circuitry
Memory Alarm

I/0 Device Signal/Data Processor
Indicator/Control Miscellaneous
Modulator/Demodulator Transducer
Coder/Decoder

Failure, Non-Relevant: A failure either (1) caused by a condition

external to the -equipment under test which is not a test
requirement and which is not expected to be encountered in field
service or (2) induced by operator or maintenance personnel,

Failure, Relevant: Any failure that can be expected to occur in

subsequent field service and is due to the inherent failure
characteristics of the system/equipment.

Failure Rate: The total number of failures within an item
population divided by the total number of 1ife (time) units

expended by that population during a particular measurement
interval under stated conditions. This definition assumes that the
exponential reliability distribution is applicable for
systems/equipments. Failure rate is expressed in units of failures
per 106 operating hours.

Independent Variable: A variable (designated by X) whose value can

be measured without error which may potentially influence the
reliability measure (dependent variable). Independent variables
may be categorical (e.g., environment) or continuous (e.g.,
temperature).

Mean-Time-Between-Failures (MTBF): The mean of the distribution of

time intervals between failures, during which time the item
performs as specified,

1-3
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Mean-Time-Between-Failures (MTBF) Observed: The total measured

operating time of a population of equipments divided by the total

number of failures within the population during the measured period
of time. MTBF values or MTBF Tlower bounds were computed as
indicated for the following three cases:

(a) Series (Logistic) MTBF:
MTBF = T/R

where:

R = sum of all failures

T = sum of equipment operating hours

(b) Functional MTBF:

MTBF = T/R

where:

R = sum of relevant failures resulting in system failure, (This
sum differs from case (a) where redundancy exists or where
graceful degradation or degraded modes of operation can be
tolerated.)

T = sum of system operating hours

(c) Zero Failures: If no failures have occurred, the lower 50%

confidence limit (MTBF L) for a time-truncated test was used
to provide lower bound on MTBF, and is given by:

2T

MTBF,, = —
x“(0.25:2(r+1)

LL

1-4




where:

—
"

operating hours

number of failures

-
{]

x2(0.25, 2(r+1)) = the appropriate value of the Chi-square
distribution with 2r degrees of freedom at a significance of
0.25 («=25%).

When r = 0,
27

MIBF | = .2(0.25:2)

Mean-Time-Between-Failures {(MITBF) Predicted: The predicted MTBF

(series or logistic) of the item's predicted failure rate. The
predicted failure rate of an item is computed from the observed or
assessed failure rates of its parts, taking into account the design
of the item, and the stated conditions of use. The failure rate
prediction is generally performed in accordance with the applicable
version of MIL-HDBK-217,

Mean-Time-Between-Maintenance (MTBM): A measure of reliability

taking into account all maintenance policies and actions. The
total number of life units expended by a given time divided by the
total number of maintenance events (scheduled and unscheduled) due
to that item,

Mean-Time-Between-Maintenance-Actions (MTBMA): The total time in

hours divided by the total number of maintenance (Base Level)
events due to inherent malfunctions, induced malfunctions and no
defect events. When so specified, maintnnance events due to
preventive maintenance may also be included in the calculation.

Mean-Time-Between-Preventive-Maintenance (MTBPM): The mean of the

distributions of the time intervals between preventive maintenance
events,

1-5
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Multiple Linear Regression Analysis: Regression analysis is an
important statistical tool used to determine the relationship
between the dependent variable and the independent variable(s).
Related methods of covariance analysis are used to deal with
discrete (categorical) independent variables. The subject of

~ regression analysis is thoroughly explained by Draper and Smith, in

“Applied Regression Analyses" Wiley 1966,

Program Phase (PP): The phase of the equipment 1ife cycle to which
the data apply. The program phases are:

Development
Production
Operation

Reliability: The probability that a given system/equipment will
perform its specified functions when used in the manner and for
purpose intended, for a specified performance period (which may be
expressed in time, cycles, etc., as appropriate).

Reliability Parameter (RP): The reliability parameters delineated
in this document are:

Series (Logistic) MTBF

Functional MTBF
Mean-Time-Between-Maintenance
Actions (MTBMA)
Mean-Time-Between-Preventive
Maintenance (MTBPM)

Mean-Time-Between-Maintenance (MTBM)

1-6
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R-Squared Coefficient: When wusing a linear model, such as

regression analysis, to analyze the data, the RZ coefficent (or
multiple coefficient of determination) is equal to the ratio of the
sum of squares of the variance explained by the regression to the
sum of the squares of the total variance of the observed data. The
RZ value is used as a means to determine the "goodness-of-fit" of a
regression model, The coefficient ranges from 0 to 1.0. A
coefficient value of 1.0 indicates a perfect fit between the model
and observed data, zero indicates no fit. 100R2 is the percent
variability explained by the regression model,

Sample Size: Quantity of equipments under test or in field
operation inventory.

Test Operate Hours: The summation of equipment on-time for all

equipments under test or in inventory,

Test Non-Operate Hours: The summation of equipment off-time for

all equipments under test or in inventory,

1-7
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DATA ANALYSIS

The data analysis to support this system reliability data
compilation consisted of the three following tasks:

(1) Graphical analyses to assess the credibility of the
reliability prediction

(2) Graphical analyses to identify prediction biases

(3) Regression analyses to investigate system/equipment level
reliability prediction models

The first data analysis task was to plot the system/equipment field
MTBF against the predicted MTBF. This allows for an objective
evaluation of reliability prediction capabilities for a variety of
equipment functional groups and environments. This analysis procedure
was then repeated for observed reliability during reliability
demonstration testing.

The second analysis task was to graph the ratio of field MI3F to
predicted MTBF versus a third variable. Any trends observed would then
indicate failure rate prediction biases. In this analysis, the MTB3F
ratio was plotted against the number of active elements and against the
application environment,

The third analysis task was to perform regression analyses on the
data base to detect and model those (independent) variables which affect
reliability. Regression solutions were found using least squares to
define reliability expressions relating the observed field or
reliability demonstration MTBF to several independent variables
including the predicted MTBF, the number of active elements, the
application environment and the equipment functional category. The
regression solutions are presented in this aralysis section together
with an indication of "goodness-of-fit,"

2-1




GRAPHICAL ANALYSIS

The plots presented in this section are constructed in two basic
forms and the following examples are given as a reference for the
analysis which follows:

EXAMPLE 1:

Pessimistic Region
(MTBF Predictions are Low)

The Diagonal Line is defined

~N

as the line of perfect fit.
Points which lie on

X

Dependent
Variable (y)

this line are repre-
sentative of instances
where the dependent

/ variable is in perfect
correlation with the
independent variable

(i.e., ¥y = x).

~—ot—— Optimistic Region

(MTBF Predictions are
High)

Independent
Variable (x)

In Example 1, data points which appear to the left of the diagonal

in the shaded area are examples of points which had higher x values
relative to their corresponding y values (pessimistic region);
conversely, the data points which appear to the right of the diagonal
are examples of points which had higher y values in reference to their
corresponding x values (optimistic region).




EXAMPLE 2:
Pessimistic Region
(MTBF Predictions are Low)
\\ B
Ty .
Dependent
Variable (y)
The Horizontal Line is
defined as the line of
N\ perfect fit. Points
N which lie on this line
Optm}shc - are representative of
Region instances where the
(MTBF Predictions numerator and the de-
are High) nominator of the de-
Independent pendent variable are
Variable (x) _ in perfect correlation

(ie., y=1)

In Example 2, data points which appear above the 1line of perfect
fit (in the shaded area) are examples of points which had Tlower
denominator values relative to their corresponding numerator values
(pessimistic region); conversely, the data points which appear below the
line of perfect fit are examples of points which had higher denominator
values in reference to their corresponding numerator values (optimistic
region).




Table 1, "Graphical Analysis Matrix," serves as an index to the
graphs which follow, The matrix includes the figure numbers, the figure
example number (either 1 or 2 as previously depicted), the dependent
variable, the independent variable and the equation which defines the
line of perfect fit,

Since Figures 1 through 12 are defined with a common x value
(reliability prediction MIBF) certain inferences are similar for all
plots. For instance, points which appear in the shaded area (all points
with greater y values than x values) represent data with higher
predicted MTBFs in relation to observed MTBFs. This condition
represents reliability predictions that are pessimistic relative to the
observed reliability. The converse 1is also true. Reliability
predictions which are determined to be less than the corresponding
observed reliability (all points with greater x values than y values)
are considered optimistic, and points representing this condition are
found to the right of the diagonal,

The ratio denominator values {predicted MYBF), common for Figures
13 through 36, can also be illustrated as being either optimistic or
pessimistic. Points 1in the shaded region are considered to have
pessimistic predictions, those points with higher predicted MTBFs than
observed MTBFs. Points in the unshaded region are considered to have
optimistic predictions, those points with lower predicted MTBFs than
observed MTBFfs.
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GRAPHICAL RELIABILITY PREDICTION EVALUATIONS

The figures presented on the following pages are graphical
representations of the data contained in the report. Each plot provides
data on a specific equipment category (e.g., Electronic Warfare,
Controls/Displays, etc.) which operates under varying environmental
conditions. Plotting the data in this manner allows objective decisions
to be made regarding the significance of environmental impact on
equipment reliability.

The data is comprised of both set-level and LRU (Line Replaceable
Unit) information which often has very high predicted and field MTBF
values, This, therefore, explains the seemingly obtrusive 1limits
dipicted in many of the plots. Log scales are utilized for each of the
plots to facilitate visual continuity and improve the interpretive
value. The intervals defined for the areas which lie to either side of
the line where the ratio is equal to one represent similar distances;
that is, the difference between positive and negative values are equal
in magnitude and will appear equal distance about the line of perfect
fit.

The analysis begins with a set of plots which show the relationship
between equipment-level field MTBF and predicted MTBF. The plots
exhibit the degree of correlation which exists between these two
parameters and invites unbiased evaluation, This method also enables

- the user to determine whether the predicted MTBF is optimistic or

pessimistic (if not in perfect agreement) when compared to the observed
field reliability. The process is repeated to examine the relationship
between reliability demonstration test data and predicted data.

Figures 1 through 6 display the first set of plots where the y-
axis, field MTBF, is plotted against the x-axis, predicted MTBF, The
diagonals transposed on the plots represent the line where field MTBF
equals predicted MTBF and a point on this line therefore indicates
perfect agreement, It is thus - expected that the points would be
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centered around this line closely if formal MIL-HDBK-217 reliability
prediction is an accurate means of predicting the failure
characteristics of equipment operating in the field. A number of the
plots indicate that the field reliability is less than the corresponding
predicted reliability. Figures 1, 2, 3 and 5 displays this trend where
the majority of points lie to the right of the diagonal; this is
particularly true for equipments operating in the air environment.
Conversely, the points representing ground and naval environmental data
are generally dispersed either symmetrically about the line or above it,
indicating that the predictions are generally accurate or pessimistic in
relation to the observed reliability., This 1is best represented in
Figures 2, 4 and 5.

The dispersion of the individual data points in each of these six
plots is relatively high. This can be attributed to the use of field
data in the analyses since data collected from the field is subject to a
variety of different mission profiles, each with unique environmental
stress levels, The data does establish a trend, however, whereby an
increase in the predicted MTBF corresponds to an increase in the field
MTBF indicating that a fairly good relationship between the two does
exist,

Figures 7 through 12 are similar to the previous set (1-6) except
that the y-axis variable reflects reliability demonstration MTBF.
Consequently, the variability of the data is reduced substantially due
to the better control of the independent variable, and the degree of
correlation between the reliability demonstration data and the predicted
is better than that of the field data, Reliability demonstration test
data may not be a true indicator of reliability, however, since
operational and environmental testing conditions are tightly controlled.
This must be considered when evaluating the results.
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The reliability demonstration plots also show the optimistic
effects of the predicted values associated with the air environment,
already noted from the field data (Figures 1 through 6). This is
depicted in Figures 7, 8, 9, 10 and 11. Figure 9 particularly
highlights this phenomenon and also indicates that the demonstrated
reliability values associated with the naval data are in close agreement
with the reliability predictions.

The dispersion of the individual data points presented in each of
the plots (Figures 1 through 12) is relatively high for both cases of
field and reliability demonstrated data. Even though there is a large
degree of variability in the data there is also a trend which appears
throughout the plots, This trend is characterized by point values which
increase in the x-axis direction corresponding to increases in the y-
axis direction. The increase translates visually to a general shift in
the data points from the lower left to the upper right-hand corner of
the plots. This is to be expected since an equipment calculated to have
2 large predicted MTBF should be accompanied by a relatively similar
reliability demonstrated or field MTBF.

It is interesting to note Figures 3 and 9. Figure 3 shows the plot
of field MTBF versus predicted MTBF for Guidance/Navigation equipment
operating in air, ground and naval environments. The observation
indicates that the ground-operating equipments were pessimistically
predicted and the points are found primarily to the left of the
diagonal.

Figure 9, on the other hand, representing reliability demonstrated
versus predicted data, shows that the performance of ground-operating
equipment under demonstration testing falls in the optimistically
predicted region of the plot (to the right of the diagonal). The air
and the naval data points seem to be unaffected by the source of the
data and wultimately represent a better correlation between the
predicted, the reliability demonstrated and the field MTBFs of
Guidance/Navigation equipment operating 1in either air or naval
environments,
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GRAPHICAL PREDICTION BIAS EVALUATIONS

The analysis changes its scope to investigate the occurrences of
failure rate prediction biases present in the data. 0f particular
interest is how the number of active elements and the application
environment impart an influence over equipment reliability.

Figures 13 through 18 are plotted with the y-axis showing the ratio
of field MTBF to predicted MTBF and the x-axis showing operating
environments., The ideal relationship between the field and predicted
MTBFs would be represented by a plot of the points centered on the line
where y = 1. We will refer to this as the line of perfect fit. This
would indicate that, on average, the predictions were equal to the field
observations and thus the prediction models precisely forecast the
reliability of equipment operating under field conditions. This is, of
course, the ultimate goal of the models, but in reality perfect
correlation rarely (if ever) exists.

Figures 19 through 24 are constructed similarly, in that they share
a common y-axis (the ratio of field MTBF to predicted MTBF); however,
the x-axis environmental points are replaced with the number of active
elements contained in the various equipments examined.

The data presented in each of these plots 1is found to be
distributed log-normally. Examinations of each of the plots generally
indicate that the mean of the distributions for air data is less than
one. This trend indicates that failure rate predictions are generally
optimistic toward air-environment equipments, here represented by the
abundance of points in the plotting region where field MTBF is lower
than predicted MTBF,. Figures 13, 15 and 16 are particularly good
examples of this phenomenon where the air envi-onment data points are
almost exclusively shown below the line of perfect fit,
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Figure 16 shows that the data specific to radar operating in the
h air environment is consistent with the trend where the predictions were
calculated to give an optimistic value when compared to their associated
field performance. The ground operating radars are shown to have a

distribution where the mean is close to one (i.e., MTBFpppp equals

MTBFF[eLp). Even though the dispersion between the individual data
points is high, it can be seen that the field MTBF is in closer
agreement with the predicted MTBF for these ground points than for the
air. Figures 17 and 18 display data for ground and naval-operating
equipments where the points are distributed about the line of perfect
fit or above it. The values calculated from the failure rate prediction
models draw a pessimistic picture for ground and naval operating
equipments. In reality, they perform better than expected in the field,

The large amount of scatter in the plots can be attributed to
several factors relating to the use of field data in this segment of the
analysis. The high degree of variability in field data can be explained
by the inordinate number of unknown, indeterminable or highly variable
parameters which impact equipment reliability in the field which are
otherwise impossible to account for, Additionally, field data is
subject to more error than other types of reliability data. Erroneous
maintenance actions, operator-induced failures and inappropriate
reporting procedures are primary causes of inconsistencies found in the
data. Another reason for the variability in the ratio plots is that
different revisions of MIL-HDBK-217 were used to compute the MTBF
predictions. 1In general, the more recent revisions result in higher
MTBF predictions, The appropriate revision of MIL-HDBK-217 is reported
in the section titled "Program/Contract Characterization Data."

The next set of plots, Figures 25 through 30, show the relationship
between the ratio of reliability demonstrated MTBFs and predicted MTBFs
against a third factor representing operating environment. The
demonstrated reliability data is generally less variable than the field
data since the conditfons for demonstration testing are more controlled
than in field operation, Figures 31 through 36 are constructed
similarly to Figures 25-30; however, the x-axis variable corresponds to
the number of active elements contained in the equipment.
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Observations made on this data set indicate that on the average the
predicted MTBFs relate well to the reliability demonstrated MTBFs, even
though many of the individual points deviate in either direction from
the mean,

Figures 25 through 30 show a trend of increasing MTBF prediction
accuracy as the number of active elements increases. The prediction is
seemingly always optimistic for small numbers of active elements,
consistently improving with increasing elements.

This type of phenomenon is often found in reliability data at the
component level when plotted against total test time, Again, the
accuracy of the component MTTF estimate increases as test time
increases. This empirical phenomenon is supported (at the component
level) by the relevant mathematical expressions for confidence intervals
on the estimated component MTTF (or failure rate).

At the system level (Figures 26 through 30) the cause could be
similar, with accuracy improving with the increasing number of active
elements. It is not clear, however, whether the prediction accuracy
improves or whether the MTBF estimate improves with the increasing
number of elements. It is also possible that a third variable may have
intervened {such as a coincidental correlation of test times with the
number of active elements), Intuitively, it would be expected that the
statistical characteristics and stability of MTBF estimates and
predictions for large systems would be superior to those for smaller
systems.

Figures 31 through 36 display an apparent trend in the data whereby
the data shifts from the lower left-hand corner to the upper right hand
corner., This shift represents an increasing correlation between the
reliability demonstration data to the predicted data. Correspondingly,
the relationship strengthens as a function of the number of active
elements. Figures 32 and 33 representing Electronic Warfare and
Guidance/Navigation equipments operating wunder air environmental
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conditions are good examples of this reliability prediction bias. Even
though this trend is clearly evident in several of the figures, more
data under controlled circumstances (e.g., identical revisions of MIL-
HOBK-217) is required to substantiate this finding,

The results of the graphical analysis indicate that reliability
predictions calculated for equipments operating under air environmental
conditions are generally proved to be optimistic with regard to their
observed field reliability. Conversely, the predictions performed on
ground or naval-operating equipments generally are shown to be
calculated with an accurate or a pessimistic MTBF in relation to their
observed field reliability. Additionally, a possible trend was
identified whereby the prediction accuracy increases as the number of
active elements increases. More research is required with a larger and
more controlled data set to further study this issue.
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REGRESSION ANALYSIS

The observations presented here have been made on a subset of the
original (entire) data set, The data chosen for review are a compilation
of records which were separated from the rest of the data by virtue of
being complete records; that is, there is an entry in every field. The
original set of data contains records which are complete and those which
are lacking pertinent information in various fields due to
unavailability. It should be noted that even though the original data
set contains many more records, the increase in volume does not reflect
higher-quality data due to the corresponding increase in missing data
items. The analysis revealed, as expected, that the larger data set
more often resulted in inconsistencies and regression solutions which
were inconclusive; consequently, those results were eliminated from the
report.

Objectives

The objectives of the regression analysis were to identify and
quantify observed trends relating the reliability numerics to each other
and to significant design and/or application stress variables.
Specifically, the objectives of the regression analysis were to:

(1) Relate the observed field MTBF to the predicted MTBF

(2) Develop a relationship to predict field MTBF as a function of
equipment-level design and application variables (and
independent of predicted MTBF)

(3) Relate the observed reliability demonstration MTBF to the
predicted MTBF

(4) Develop a relationship to predict reliability demonstration
MTBF as a function of equipment-level design and application
variables (and independent of predicted MTBF)

(5) Relate the observed field MTBMA to the observed field MTBF
2-49
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(6) Develop a relationship to forecast the MIL-HDBK-217 predicted
MTBF as a function of design and application variables to
investigate the sensitivity of the MIL-HDBK-217 prediction and
to develop a simple model useful for "quick" failure rate
predictions

The tables and explanations in the following paragraphs present the
results of the regression analyses and describe the implications of the
regression results.

The equations formulated from the regression analysis are presented
in Tables 2 through 6, as well as throughout the text. The tables
present the dependent variable, the regression solution and the RZ value
(as defined in Section 1). Several of the regression equations were
found to account for vrelatively small percentages of the overall
variability (evidenced by low RZ in some cases). This is believed to
have been caused by the complexity of the relations between reliability
and its related factors; and by noise in the data. These phenomena tend
to preclude the existence of simple yet accurate equipment level models.
It is also likely that some subtle reliability influences are not
detectable in this data, which further adds to the unexplained
variability (1-R2). As an overall caveat, these results should be
regarded as tentative where the R2 values are lower than standard
statistical practice,

Observed Field MTBF vs., Predicted MTBF

The analysis begins with the investigation of field failure data
and the role that prediction models play in forecasting the reliability
of a system under actual operating conditions. A basic linear equation
was developed to examine the relationship between MTBF values derived
from formal prediction methods and those from field observations. The
initial equation was then modified using mathematical transformations
(i.e., logarithms, reciprocals) to provide some comparison alternatives
and to establish an expression with the most powerful interpretive value
for this study. Table 2 is composed of the resultant equations which
show the regression solutions when field MTBF is evaluated in relation

to predicted MTBF.
2-50
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The equation given in the form of field failure rate (AfigLD)
(i.e., the reciprocal of field MTBF) versus predicted failure rate
(Aprep) provided a line representative of the best fit to the data with
an RZ value of 70 percent. The actual equation indicates that the field
failure rate is expected to be greater than the predicted failure rate
by roughly a factor of two. To emphasize the significance of this
finding, consider the use of this result as an adjustment factor to
arrive at a more accurate field reliability prediction.

The expression is as follows:
AFIELD = 796.7 + 2.023(\pRrepD)

Additional variables were then introduced into the simple two-
dimensional model to determine whether meaningful improvements in model
accuracy could be made. Initially, the analysis considered the effects
of system function on failure rate. The system function for this study
has been defined as equipment category-type. Five different categories
were investigated, i.e., Communications, Radar, Electronic Warfare,
Controls/Displays and Guidance/Navigation. The impact that the category
(system function) had on field reliability was found to be minimal. The
best model to describe this effect is given by the equation of field
failure rate (AppgLp) as a function of category and predicted failure
rate (Aprep). The incorporation of equipment function as the second
independent variable revealed only a marginal increase of three percent
in the correlation characteristic (RZ coefficient) of the model. The
results indicate that equipment category-type is not a leading indicator
or predictor of field performance,
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Similar results were found throughout the analysis to indicate that
equipment function has no appreciable effect on field reliability. This
was not considered unusual, however, due to several factors. First,
there was a large variability in the equipments reviewed, The wide
range of equipment complexities prevented the determination of
meaningful “functional factors" (i.e., multiplicative or additive
adjustment factors to account for equipment function) because the
distribution of complexities was not similar for the functional category
groups. Second, the predicted MTBF accounts for many of the
characteristics of specific functional applications which are thought to
influence reliability. For example, the MIL-HDBK-217 factors for
derating, part application, complexities and environment are
mathematical tools wused to assess much of the difference between
functional groups. Therefore, after predicted MTBF has been introduced
into the regression as a significant factor, much of the anticipated
effect of functional category had already been accounted for,

Observed Field MTBF vs. Design/Application Variables

Table 3 presents regression solutions which were developed
independent of the MIL-HDBK-217 reliability prediction to specifically
examine the influence that other variables impose on field reliability.
The results of this investigation were equipment-level reliability
prediction models. As expected, the accuracy of these models was much
less than those models which included the predicted MTBF as an input
variable (Table 2).
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The reliability of a system or equipment is dependent upon the
number of active elements contained within that system/equipment. Since
each component has an inherent reliability unique to itself, it should
follow that the greater the number of operational components the greater
the impact on reliability, The equations formulated to determine the
correlation characteristics attributable to the effects of active
elements were evaluated with and without the use of natural log
transformations. Equations 1 and 2 in Table 3 present these results.
The linear failure rate model is, however, limited in its
interpretations to large values of the active element count in order for
the results to be meaningful. At low values of active elements the
equation assumes negative values, which is, of course, incorrect. This
apparent inconsistency is not unusual for observed empirical
relationships., Empirical relationships are only valid for the range of
values found in the data, and it is invalid to extrapolate beyond that
range. An advantage of using log transformations is that the dependent
variable will never assume a negative value.

The best fit regression equation relating the number of active
elements to field reliability is of the following form:

AFIELD = -220.9 + 5.820(# Active Elements)

Application environment was the next variable introduced into the
analysis. The environment is a factor which is often investigated to
determine its degree of impact on reliability. As expected, the results
obtained from this study indicate that environment affects field
reliability. Interpretation of the regression results establishes field
MTBFs for ground equipment as being 22 times higher than airborne MTBFs.
Equation 3 in Table 3 presents the regression solution with environment
acting alone as the independent variable, Equation 4 presents the
results of a multivariate regression with both environment and active
element count as significant variables affecting field MTBF. Although
the collected System RAM Data Base includes other environments (e.qg.,
naval), there was an insufficient quantity of complete data records to
yield meaningful results,
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This effort to examine the alternative relationships which exist
among the various elements associated with field reliability indicates
that, clearly, the greatest correlation to the data can be explained by
the presence of the predicted MTBF variable. The number of active
elements was identified as the next most significant factor which
influences field reliability. A combination of these two independent
variables (active elements and predicted failure rate) were evaluated
simultaneously to determine if the previous independent effects might
be affected by the merger of the two. The evaluations performed on each
of the variables independent of one another established that the weight
of the predicted data was greater than the number of active components
as a determinant of the failure rate. The combination of both of these
factors 1in one equation does not appreciably affect the degree of
correlation attributable to that of just the predicted values. This is
the expected result and seems to justify the practice of formally
predicting the reliability of equipment using a part stress analysis.

Demonstrated MTBF vs. Predicted MTBF

The next stage of the data analysis was to study reliability
demonstration test data and investigate the correlation results when
compared with predicted data. The analysis provided the most significant
correlation (RZ of .90) with a failure rate equation, These findings
are similar to those reported for the observed field reliability, where
the optimum expression was also found to be in the form of a linear
failure rate model. Reliability demonstration test data are derived
from more tightly controlled operational and environmental conditions
than are field data; consequently, the variability in this data set is
considerably reduced as compared to the field data set, Similarities
indicated in the results, however, establish a confidence in performing
formal predictions and demonstration tests to effectively assess the
corresponding field reliability. Table 4 contains the expressions
derived illustrating the correlation between reliability demonstration
MTBF and predicted MTBF,
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Demonstrated MTBF vs. Design/Application Variables

The investigation of demonstrated MTBF versus design and
application variables was conducted in two phases, First, additional
variables were introduced into the simple linear model {of demonstrated
MTBF versus predicted MTBF) to determine whether meaningful improvements
could be made in prediction accuracy. Second, demonstrated MTBF was
modeled as a function of design and application variables independent of
predicted MTBF.

Table 5 provides the expressions developed to evaluate the impact
of additional variables on demonstrated reliabilities, Using a stepwise
regression process additional independent variables were introduced into
the two-dimensional model (i.e.,, Reliability Demonstration MTBF s,
Predicted MTBF) to determine their impact on the demonstration test
results. Small deviations in the RZ coefficient were experienced with
the introduction of the independent variables, such as active elements
or equipment function; however, the predicted MTBF consistently yielded
the greatest influence on the degree of correlation in any of the
models.

The strong predicted and demonstrated reliability relationship is
further emphasized when the correlation characteristics between
reliability demonstration data and active elements, equipment category
and environments are examined independent of the predicted data.
Conclusions drawn from the equations given in Table 6 indicate that a
relatively smaller impact on demonstrated equipment reliability is
accounted for by any one or all of these independent variables,

Field MTBMA vs, Field MTBF

The scope of the analysis deviates from the previous discussion by
examining the trends associated with the two types of field data
contained in the report. Analytical investigations were performed on
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field maintenance data (MTBMAfig_ p) and observed field failure data
' (MTBFE1ELD), both terms are fully defined in Section 1. Since these two
sources of field failure information often share a common data

collection basis, a high degree of correlation was expected to exist.
The optimum expression is presented in a log transformation as:

MTBMAF[ELD = 0-5336(MTBFFIELD)0'9754

The MTBFprgLp exponent of 0.9754 (almost one) represents a near
proportional relationship between MTBMApip p and MTBFprg_p data. The
computed correlation factor (RZ value) verifies the significance of this
relationship with a value of 94 percent. Literal interpretation of the
regression results is that there is a two-to-one relationship between
the number of maintenance actions and the number of failures.

Predicted MTBF vs, Design/Application Variables

The next phase of the data analysis was to develop a model relating
the predicted MTBF to the number of active elements and the application
environment, The objectives of this data analysis task were two-fold.
First, the relative sensitivity of the predicted MTBF could be evaluated
in regard to these two variables. The second objective was to determine
a very simple reliability prediction model for quick analyses to
determine "ballpark" reliability predictions.

The log-transformed equation for the dependent MTBFprgp shows an
intermediate degree of correlation to the number of active elements.
The R2 value associated with the following expression is 43 percent.

MTBFpRep = 20467 (# Active Elements)-0.3574
This result is as expected, however, due to the fact that the number of

active elements designed into a system is taken into accou~t in the
prediction models as a factor which does impact reliability. A high
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percentage of correlation associated with the predicted MTBF and active
element count would be very intriguing, If it is determined that the
predicted MTBF can be accurately estimated using only a count of the

number of active components, then preliminary MTBF predictions can be
determined quickly using this relationship.

The introduction of operating environment into the equation yields
a result which is not appreciably different than what was revealed in
the original equation., The results indicate the predicted MTBF for
airborne equipments is lower by a factor of approximately 3.5. It is
interesting to compare this ratio to the value obtained when MTBFFIfLD
was used (as the dependent variables opposed to MTBFprgp). In that case
(Table 3), the ratio was 22 to 1. The best fit regression solution for
MTBFpRrgp versus environment and active element count is given by:

1 Ground

MTBFpRep = 6769 )0.2929 Air (# Active Elements)-0.3703

This model does indicate that there exists some disparity between
equipments which operate in an air environment versus a ground
environment; however, the influence generated by the number of active
elements appears to be more significant, This conclusion is a result of
an increase in the RZ value from the original expression of only 3
percent,

Analysis Conclusions

The analysis conclusions turns its focus to the role that
reliability predictions play in forecasting the reliability of a system
under actual operating conditions, Reliability predictions are
theoretical assessments of the equipment's inherent reliability based on
design and application characteristics, The results derived from the
relationships between predictions and other parameters can be used to
induce refinements in equipment design and procurement practices. The
values obtained for the dependent variables of field, reliability
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demonstration and field maintenance were all determined to have a
relatively high degree of correlation to the independent, predicted MTBF
data. This 1is an encouraging observation which can be wused as
justification for the reliability prediction practice.

The results of the regression analysis indicates that a high degree
of correlation exists between the field and reliability demonstration
data when examined in relation to the predicted data and to each other.
The close agreement associated with these data types lends credibility
to the practice of performing formal predictions and demonstration tests
to estimate equipment field reliability.
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DETAILED LISTINGS BY CATEGORY AND EQUIPMENT TYPE

This section contains detailed 1listings of reliability data
contained in the System RAM automated data base. Included are
reliability numerics experienced during field operation, simulated
operation, production reliability verification, and reliability
demonstration tests. Also included are specified, allocated and
predicted reliability numerics. Types of data comprising each
reliability record include:

Category

Equipment Type

Equip. ID (Equipment Identification Number)
Data Source

App. Env. (Application Environment)
Failures, Relevant

Failures, Non-Rel.

Test Hours, Operate

Test Hours, Non-op.

Sample Size

Numeric Parameter

Program Phase

Test Date Start

Test Date End

Entries in this section are organized first by Category, then by
Equipment Type, Equipment Identification Number, and Data Source. The
data are organized in this manner so that the reader may readily compare
all reliability numerics for each equipment,

A complete explanation of the terms and abbreviations used in the

detailed listings may be found in the User's Guide on the following
pages.
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USER'S GUIDE

The description below applies to the computer 1listings of this
section. A few minutes spent familiarizing oneself with the information
supplied below will aid user interpretation of the data contained
herein,

Category:

Denotes the general functional purpose of the overall equipment as
usually defined at the Set Equipment Level,

Equipment Type:

Denotes the specific function purpose of the equipment as usually
defined at the Group or Unit Equipment Level.

Equip. ID:

The unique numerical identifier assigned to an equipment,

Data Source:

The source of the reliability data. The applicable Data Sources

are:

Contract/Spec. Requirements

Allocation

Prediction

Reliability Demonstration

Production Reliability Verification

Simulated Operation (CAT I, SEDS, DTSE, FOT&E, etc.)
Field Data

O

g;mmm NGB BRANK-NOT T1
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App. Env,

These environments encompass the major areas of equipment use.
Some equipment will experience more than one environment during
normal use. For example, equipment in spacecraft are exposed to a
composite of environmental stresses. In such a case, the
reliability analysis should be segmented, namely missile launch
(ML) conditions during boost into and return from orbit and space
flight (SF) while in orbit,.

Al Airborne Inhabited
AIA Airborne Inhabited Attack
AIB Airborne Inhabited Bomber
AIC Airborne Inhabited Cargo
AIF Airborne Inhabited Fighter
AIT Airborne Inhabited Trainer
AIU Airborne Inhabited/Uninhabited
ARW Airborne Rotary Wing
AU Airborne Uninhabited
AUA Airborne Uninhabited Attack
AUB Airborne Uninhabited Bomber
AUC Airborne Uninhabited Cargo
AUF Airborne Uninhabited Fighter
AUT Airborne Uninhabited Trainer
CL Cannon Launch
GBC Ground Benign (Commercial)
GB Ground Benign (Military)
GF Ground Fixed
GM Ground Mobile (Inhabited)
GMU Ground Mobile (Uninhabited)
GpP Ground Portable
GT Ground Transportable
MP Manpack
MFF Missile Free Flight
MSG Missile Ground Benign
ML Missile Launch
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MFA Missile Flight Airbreathing
NH Naval Hydrofoil

NSS Naval Sub/Surface Sheltered
NUS Naval Sub/Surface Unsheltered
NS Naval Surface Sheltered

NU Naval Surface Unsheltered
NSB Naval Undersea Sheltered
NUU Naval Undersea Unsheltered
NR Not Reported

SF Space Flight

USL Undersea Launch

Failures, Relevant:

The number of failures that occurred during the period that were
classified as relevant, If no classifications were provided in the
source documentation, all failures were classified as relevant.
This dis a "worst-case" scenario which results in pessimistic
reliability measurements,

Failures, Non-Rel:

The number of failures that occurred during the period that were
classified as non-relevant,

Test Hours, Operate:

The summation of equipment "on-hours" during the test or period.

Test Hours, Non-Op:

The summation of equipment "off-hours" during the test or period.

Sample Size:

The quantity of items under test or in operation,
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Numeric Parameter:

The reliability numeric calculated using Test Hours, Operate and
Relevant Failures. The parameters measured are:

MTBF Series
MTBF Functional
MTBMA

MTBPM

MTBM

Program Phase:

The applicable Program Phases are:

Development
Production
Operational

Test Date Start:

Start date of test or period of concern (MM/YY),

Test Date End:

End date of test or period of concern. If the start and end dates
of the test are unknown, then both fields were left blank.
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